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Over the years control rod reactivities have been calculated using many 

different methods and cross section sets. 

The most widely used calculational techniques were: 

\ 
two-dimensional diffusion in RZ geometry for central control rods and 

varying insertion depths 

two-dimensional diffusion in XY geometry for central and excentrical control 

rods fully withdrawn or fully inserted three-dimensional XY/Z diffusion 

sythesis (program KASY / I  /)for all types of control rod cxpcriments 

two-dimaensional RZ transport for central rods in particular when large 

follower channels are involved 

Monte-Carlo calculations (program ?:OCA 1 2 1 )  for complicated multi-rod 
configurations. 

The cross section sets used were NAPPHB / 3 / ,  MOXTOT 141 and KFKINR 1 5 1 .  They 

all belong to the same series of 26-group-sets; an improved version is prepared 

every few years. 

The use of such diversified methods of calculation makes a systematical con- 

parison with experiments somewhat difficult. 

In the Table 1 a survey over results from all the SNEAK control rod experi- 

ments is given. One notes that for most experiments KASY synthesis results 

exist and that the MOSTOT cross section set was used over the whole series 

either as the main set or at leas: for additional test calculations. Thus 

a basis is provided for an overall conparison. Results with other cross 



s e c t i o n s  and ui:h o:her c a l c u l a t i o n a l  techniques a r e  a l s o  g i j e n  in  o r d e r  t o  . . 

complete the i c f o r z a t i o n  and to  show t h e  inf luence  of changing d a t a  and 

nethods f o r  a  auz je r  of cases .  

Xot included i n  t h e  t a b l e  a r e  t h e  developments which have taken p l a c e  i n  

r ecen t  years  i z  the  d e t e r a i n a t i o n  of the  delayed neutron f r a c t i o n  8  
e f f '  

These developxen:~ have :KO a s p e c t s :  

I .  A r eeva lua t ion  of xeasurements of delayed neutron y i e l d s  by T u t t l e  161 
i n d i c a t e s  t h a t  v i t h  t h e  da ta  S:J K e e ~ i n  /71  which have been used up t o  now 

these  y i e l d s  have been overest imated f o r  t h e  v a r i o u s  f i s s i o n a b l e  i s o t o p e s ,  

and t h a t  5 -. has to  be increased  from 4 % ( f o r  small  U-235 co res )  t o  8 % 
e r r  - 

( f o r  l a r g e  Pu-cores). Recent measurements of B e f f  i n  SNEAK 181 a l s o  a g r e e  
- 

with  these  changes. 

2.  Di rec t  neasure-ents of delayed neutron f r a c t i o n s  (which u s u a l l y  were per- 

formed i n  hard spec t rua  assemblies)  y i e l d  t h e  amount of delayed neut rons  per 

f i s s i o n .  lihen t r a z s f e r r i n g : . t h e  r e s u l t  t o  an assembly v i t h  a  s o f t e r  spectrum 

one has t o  kee? i n  z i c d  t b a t  not  E i t s e l f  (delayed neutrons per  f i s s i o n  

neutron)  but .;3 (delayed Geutrons per f i s s i o n )  remains f a i r l y  cons tan t ,  while  

B i nc reases  by about t h e s a m e  f a c t o r  a s  v decreases .  I f  t h e  e v a l u a t i o n  i s  

based on cons tant  ? a s  xas  the  case  up t o  now one in t roduces  an e r r o r  of 

I - 2 4 f o r  h -co r ; s  and of up t o  4 Z Eor uranium cores .  

These f a c t s  nave c o t  been included i n  Table 1 s i n c e  c o n s i s t e n t  r e c a l c u l a t i o n s  - 

of a l l  the  a s s e 5 i i e s  have not  y e t  been performed. liowever, t h e  da ta  mentioned - 

here  allow an es:i..:ate t h a t  f o r  a l l  t h e  assentblies cons idered  i n  t h i s  eva- 

l u a t i o n  the  ? .. would inc rease  by about 8 %, l eading  t o  a  dec rease  of t h e  e i i  
C / E  va lues  5y about t h e  sane amount. 

The evalua t ion  of the  e x p e r i ~ e n t s  has shown t h a t ,  f o r  d i f f u s i o n  c a l c u l a t i o n s ,  
I 

t h e  d i f f e r e n c e s  between iceasuremfnts and c a l c u l a t i o n s  a r e  s t r o n g l y  in i luenced  

when fol lower z a t e r i a l  (low t r a n s p o r t  c r o s s  sections) i s  put  i n  o r  o u t  of 

t h e  r e a c t o r .  

The expcr inez ts  have t h e r e f o r e  bcen d iv ided  i n t o  t h e  t h r e e  c a t e g o r i e s :  f u e l  

replaced by fo l lower ,  f i r s t  i n s e r t i o n  s t e p s  of absorber  and complete i n s e r -  
. . . t i o n  of absorber .  . \ l t h i n  each of  these  groups t h e  d i f f u s i o n  r e s u l t s  ag ree  

with a  s c a t t e r  of  a b o ~ t  I0 Z.  



C a l c u l a t i o n s  IC/EI " 

ZC, c l i c e n t r i c u l  rod GO 0 . i 3 4  1 . 0 7  l .0# "I 

G R ,  central rod 90 0.71" l . l l I P O )  1 . ~ 2  ") 

6U, c e n t r a l  rod 9 0  0 . m ~  1.12(R7)  1 .11  

on-0. - n e r d  rod 9 0  0 . 5 9 6  l.!Oln'Ll 
1 1 3 1  

( ' I  , ,> , . , , . IL~ ,lll.l., 1 till, 
1 1 ,  1 : :  i , , , "  
:r;ll'.vcr 

2 ,  I 1  L" 

2 c ,  c x c e n t r r c a l  rod LO 

Gx, c o n t r a 1  rod 9 0  

6 0 ,  c e n t r a l  rod 50 

9A- 1 ,  R l  l  bank 5 0  

9A-2, RII + RT2banke 9 0  
40 to 90  cm 

911-2, all rods 9 0  
4 0  to 90 cm 

5 4 ,  RZ, N & P l W l  
1 . 0 3  

56, RZ, XFKIRR 
1 .OO 

b) Measured ~n ocvcral c~cps, ~mrkly by rod compcnsaLlon and 
p a r t l y  by sourcc o ~ u l r i p l i c a r i o n  



I n  t h e  cases  where t r a n s p o r t  c a l c u l a t i o n s  a r e  a v a i l a b l e  one can sce  t h a t  

they appear t o  e l imina te  t h e  in f luence  of t h e  fo l lower  channels .  This  can 

be seen f r o n  Table 2 ,  which is taken from r e f .  181, where t h e  v a l i d i t y  of 

d i f f u s i o n  theory was checked by S  c a l c u l a t i o n s  f o r  a  c e n t r a l  Na-a4C rod 4  
i n  SXEAi-6A. For the  r e a c t i v i t y  of the  absorber  U4C,  t h e  one- and two- 

dimensional t r a n s p o r t  e f f e c t s  compare wel l .  For t h e  Na fo l lower  they d i f f e r  

l a rge ly :  only i n  two-dimensions t h e  advantage of t r a n s p o r t  i n  c o r r e c t l y  

desc r ib ing  t h e  a x i a l  leakage of neutrons becomes e f f e c t i v e .  

The use of t r a n s p o r t  i n s t ead  of d i f f u s i o n  always r e s u l t s  i n  an improvement 

of t h e  C / E  r a t i o s .  But one must observe t h a t  f o r  t h e  case  of sodium fo l lower  

a  geometr ical  model which con ta ins  t h e  a c i a l  d i r e c t i o n  ( i . e .  2D i n  t h i s  case  and 
- 

3D i n  the  gene ra l  case)  a l lows a  d e f i n i t e  conclus ion  on t h e  t r a n s p o r t  co r rec t io (  

Table 2: Conpared t r a n s p o r t  and d i f f u s i o n  r e s u l t s  R e a c t i v i t y  . 
of a  c e n t r a l  (Na-R C) rod i n  SNEAK-6A 4  

Ke la t ive  d e v i a t i o n s  (T-D)/D i n  % 

I f u e l - s o d i m  1 -1.8 1 -8.6 

I t  should be noted t h a t  i n  these  eva lua t ions  no he te rogene i ty  c o r r e c t i o n s  

have been a2p i i ed .  however, t h i s  c o r r e c t i o n  i s  f e l t  t o  be smal l .  

Kecent measurenests on t h e  absorber  worth of Ta, B4C, B4C (90 Z enr iched)  and 

E u  0 were performed i n  SXEAK 9C/2. Among o t h e r s  one aim was t o  measure t h e  
2 3  

resonance s e l f s h i e l d i n g  of Eu203. The r e a c t i v i t y  worth was measured by I 

pos i t i on ing  of t r im rods .  

A l l  c a l c u l a t i o n s  have been performed i n  RZ-geometry with t h e  26 group s e t  

KFk-1SR i n  d i f f u s i o n  theory .  One dimensi.ona1 S8 and XY c o r r e c t i o n s  have 

been added t o  t h e  RZ-results.  According t o  -- Fig.1 - t h e  absorber  rods werde 

hon~ogenized with t h c  surrounding A 1  ans s t e e l .  
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Table 3 coapares the measured results with theoretical predictions. It can , - 
be seen that Ta gives the best agreement, for enriched boronand i;u 0 the 

2 3 
agreement is less satisfactory. The values for enriched boron seem to be 

uncertain because of the geometrical representation of the relativ short 

rods; the transport-correction for this case is about 10 %. One may also 

see from Part 2 of the table that the discrepance between calculation 

and experinent increases with increasing Eu-mass. 
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Tablc 3: Results of Absorber Measurements in SNEAK 9C2 and 9C2lC 

tar: I UiLfercnt Absorbers and ConLigurations 
-. - 

UJ 
4 small rods 1 small 211 square I square 
+8 largc rods rod rods rod 
> - -- - - - - -- 

Port 2 SinrLe Eu,,O,-rods of different thicknesses in SNEAK 9C2 
L 3 -.* 

03 
CT\ 
A 
-2 

0 
C3 
0 
-4 

Rod diazeter 
(mm) 
weight ( g )  

:.ieasured 
wortn(b) 

P (b)lg(pieas .) 

Calc. h a s .  

3C.5 

461.62 -- 
-45.91 

0.0994 - .... 

0 .73  

21 .8 

210.41 

-23.16 

0.1101 

0.76 

12.6 

71.99 

-8.40 

0.1167 

0 .83  

6.6 

18.17 

-2.25 

0 .1238 

0 .83  

a) Pu02U02 fuel + Na 

b) Pu-metal fuel + graphite (carbide simulation) 
+ Na , .  . 

. . 

. - 
C )  small ' 13 mm diameter, large - 22 nun diaeeta 

d) arrangement of square rodlets yielding a 
similar geometry as shown in Fig. I 


